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Abstract
CHAPTER 1 (A) Stereoselective Synthesis of 1,2,5-Thiadiazolidine 1, 1-dioxides and their conversion to diamines: Thiadiazolidine 1,1-dioxides are of interest due to their numerous applications in medicinal and synthetic organic chemistry. Despite their versatility, very few methods are available for their preparation from simple precursors. Practically all of the known methods employ condensation of a vicinal diamine or amino alcohol with sulfamide. This approach is limited by the availability of the precursor diamine or amino alcohol. The objective of our study was to develop a stereoselective synthesis of 1,2,5-thiadiazolidine 1,1-dioxides and examine the possibility of their conversion to vicinal diamines. Initial investigations were conducted on 3,4-diphenyl-1,2,5-thiadiazole 1,1-dioxide 1a and 3,4-dimethyl thiadiazole 1,1 dioxide 1b. Addition of Grignard reagents (one to two equivalents) to a solution of 1 in THF or benzene rapidly generated the thiadiazoline 1,1-dioxides 2 (85-99%) which were pure by 1H NMR (Scheme 1). Scheme 1. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO1.jpg" \t "_blank​) 
An interesting feature of the above reaction is the relatively slow addition of the second equivalent of the nucleophile. Addition of excess MeMgBr (5 equivalents, 1.5 h, rt.) to 1a generates a 2/1 mixture of bis- and mono-addition products whereas addition of excess iPrMgBr gives only the monoaddition product. This is presumably due to steric factors (quaternary center adjacent to the reaction site). Reduction of 2 (NaBH4/EtOH, rt. 2 h) produced the unsymmetrical 3,4-substituted thiadiazolidine 1,1-dioxide 3 (57-89%) as a mixture of cis/trans isomers. The addition of hydride is governed by the size of the substituent on the adjacent carbon. The ratio of cis/trans isomers was in the range of 1.2:1 to 19:1 (Scheme 2). Scheme 2. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO2.jpg" \t "_blank​) 
Conversion of 3 to unsymmetrical vicinal diamines was studied next. Treatment of 3 with 2N HBr in the presence of phenol generated the diamines 4 in modest yield (33-52%) No cleavage of 3 or the N,N-dimethyl derivative of 3 is observed with excess Na/naphthalene or Na/liq. NH3 (Scheme 3). Scheme 3. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO3.jpg" \t "_blank​) 
The above sequence provides easy access to a variety of unsymmetrical thiadiazolidine 1,1-dioxides as well as the corresponding vicinal diamines. (B) Stereoselective synthesis of 1,2,6-Thiadiazine 1, 1-dioxides: The 1,2.6-thiadiazine-1,1-dioxide moiety is an important pharmacophore and derivatives of the heterocycle are of interest in biology and medicine. Very few syntheses of 1,2,6-thiaidiazine-1,1-dioxides have been reported. Practically all the methods employ the condensation of a substituted 1,3-propanediamine unit with sulfamide as the key step. Our objective was to synthesize chiral thiadiazine 1,1-dioxides and also examine their conversion to chiral 1,3-diamines. The condensation of sulfamide with an a,b unsaturated ketones has been reported to generate 3,6-dihydro-3,5-alkyl(aryl)-(2H)-1,2,6-thiadiazine 1,1-dioxides, 7. However, we have obtained the 3,4-dihydro-3,5-alkyl(aryl)-(2H)-1,2,6-thiadiazine 1,1-dioxides 8 as the major product from the condensation of sulfamide and 1,3-diphenyl-prop-2-ene-1-one or acetone (Scheme 4). Scheme 4. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO4.jpg" \t "_blank​) 
Stereoselective additions of organometallic reagents to 8a at 50 oC gives 3,4,5,6-tetrahydro-3-alkyl(aryl)-3,5-diphenyl-(2H)-1,2,6-thiadiazine 1,1-dioxides 9a in 43-83% yield. Similarly, addition of organometallic reagents to 8b at room temperature furnished 9b in modest yield (Scheme 5). Scheme 5. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO5.jpg" \t "_blank​) 
Addition of Grignard reagents at room temperature generates thiadiazine 1,1-dioxides in poor yields whereas with more reactive alkyl lithium reagents and at elevated temperature, yield of the addition products were improved. The conversion of the thiadiazines to the corresponding diamines was examined under a variety of conditions. Only a small amount of some of the diamines is obtained (<5%) yield and the conversion is not synthetically useful. 
Chapter 2 Section A: Synthesis of chiral guanidines and their application in stereoselective reactions: Guanidines are of considerable interest in biology and synthetic organic chemistry. Although there are many biological applications of guanidines, relatively few studies have examined their use in organic synthesis. Guanidines can be used as catalysts in carbon-carbon bond forming reactions of malonates, 1,3-diketones and nitroalkanes. The objective of this study was to investigate the possibility of using enantiomerically pure guanidines as bases in the nitroaldol (Henry) and Michael addition reaction. Chiral guanidines 11 were synthesized as shown in Scheme 6. The reaction of carbon disulfide with an amine or a diamine in refluxing ethanol furnished thioureas 10 in 74-97% yield. Alkylation with methyl iodide in methanol at room temperature gave the S-methylisothiouronium iodide, which was reacted with amines to generate guanidines 11. Alternatively, the guanidines could be prepared by conversion of the thiourea to the corresponding carbodiimide and subsequent reaction with amines (Scheme 6) Scheme 6. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO6.jpg" \t "_blank​) 
The enantiopure guanidines were used as catalysts in the nitroaldol reaction employing benzaldehyde and nitromethane as substrates (Scheme 7). Scheme 7. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO7.jpg" \t "_blank​) 
The reaction of an aldehyde with nitromethane in the presence of a chiral guanidine gave the expected nitroaldol product in 14-59% yield, albeit with low enantioselectivity (2-10% ee). 
Section B. The catalytic asymmetric Michael addition reaction. To the best of our knowledge, there is a sole study on a guanidine catalyzed asymmetric conjugate addition reaction. This study appeared in the literature during the course of our studies. The results suggested ample scope for improvement and we chose to investigate this possibility with malonate esters as the nucleophilic component since their deprotonation with guanidines was expected to be quite facile. Reaction of 2-cyclohexene-1-one 44 with diethyl malonate 45 in the presence of a catalytic amount of guanidine 39-42 (0.3 eq.) in ethanol generated expected conjugate addition product 12 in moderate yield (scheme 15). Scheme 15. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO8.jpg" \t "_blank​) 
The effect of solvent and temperature on the enantioselectivity of the Michael addition reaction was also examined. The enantioselectivity of the Michael addition process is based on the optical rotation of the cyclohexanone acetic acids 13. In most of the cases, the enantiomeric excess was quite low (1-10%) as judged by the specific rotation and an alternative determination of enantiomeric excess was not carried out. 

Chapter III Magnesium bromide catalyzed acylation of alcohols The acylation of an alcohol is usually achieved by reaction with an acid anhydride or acid chloride in the presence of a base and several acyl transfer reagents have been employed to facilitate the process. Recent investigations have focused on alternative reaction conditions and tributylphosphine, cobalt chloride and scandium triflate have been successfully employed as acylation catalysts in the absence of a base. The role of MgBr2 as a Lewis acid is well known, especially in reactions of Grignard reagents, and other magnesium (II) salts have found application as Lewis acids in several synthetic transformations. We examined the possibility of employing MgBr2 as an acylation catalyst under neutral conditions. Initial investigations were conducted with menthol as the substrate. Treatment of a CH2Cl2 solution of menthol with acetic anhydride (6 equiv.) in the presence of MgBr2 (5 mol%) for 3h at ambient temperature generated menthyl acetate in 72% isolated yield. Benzoic anhydride was also used as the acylating species to yield the corresponding benzoates. Several primary, secondary, tertiary, and b-substituted alcohols were acylated by using 5-10 mol% of magnesium bromide as the catalyst (Scheme 8). Scheme 8. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO9.jpg" \t "_blank​) 
Acylation of 1-phenylethane-1,2-diol was unsuccessful, presumably due to irreversible complexation of MgBr2 by the substrate, thereby reducing its Lewis acidity. This does not seem to be a difficulty with the other alcohol substrates although they are present in large excess during the initial stages of the reaction. Magnesium bromide is known to complex with chiral, chelating ligands and chiral magnesium complexes have been used in catalytic asymmetric reactions such as conjugate additions and Diels-Alder reactions. We investigated the possibility of carrying out the kinetic resolution of racemic secondary alcohols using chiral Mg2+ complexes. In this connection, chiral ligands 14-17 were prepared and examined (Scheme 9). Scheme 9. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a52_figureNO10.jpg" \t "_blank​) 
The ligands 14-17 were used for complexation with MgBr2 in situ and the complexes were examined as catalysts for the acylation of phenethylalcohol. Although the acylation proceed smoothly, the enantiomeric excess of the acylated product was low. 


